Two components of feed-forward postural adjustments are demonstrated. The sequence of the two components was preserved with changes in body position; each component was preceded by anticipatory synergy adjustments.
h i g h l i g h t s
Two components of feed-forward postural adjustments are demonstrated. The sequence of the two components was preserved with changes in body position; each component was preceded by anticipatory synergy adjustments.
The results fit the referent body configuration hypothesis.
a b s t r a c t
Objectives: The purpose was to investigate two types of feed-forward postural adjustments associated with preparation to predictable external perturbations. Methods: Nine subjects stood on a wedge, toes-up or toes-down while a pendulum impacted their shoulders. EMGs of leg and trunk muscles were analyzed within the framework of the uncontrolled manifold hypothesis.
Results: Early postural adjustments (EPAs) were seen 400-500 ms and anticipatory postural adjustments (APAs), 100-150 ms prior to the impact. EPAs and APAs were also seen in the time profiles of muscle modes representing muscle groups with linear scaling of the activation levels. Center of pressure shifts were stabilized by co-varied adjustments in muscle mode magnitudes across trials. The index of these multi-muscle synergies showed two drops (anticipatory synergy adjustments, ASAs), prior to EPA and APA in each subject. The findings were consistent between the two conditions. Conclusions: The results show that feed-forward postural adjustments represent a sequence of two phenomena, EPAs and APAs. Each of those is preceded by ASAs that reduce stability of a variable that is to be adjusted during the EPAs and APAs. The findings fit a hierarchical scheme with synergic few-to-many mappings at each level of the hierarchy based on the referent body configuration hypothesis. Significance: The results show the complexity of the postural preparation to action. Potentially, they have implications for the current strategies of rehabilitation of patients with neuro-motor disorders characterized by impaired postural control. Ó 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Maintaining equilibrium during standing is a challenging task due to a number of factors including the small support area and the high center of mass location. Postural control has been viewed as an example of the famous problem of motor redundancy (Bernstein, 1967) in this case formulated as the problem of coordinated changes in the activation of numerous muscles of the lower extremities and the trunk. The notion of multi-muscle synergies has been used to address the problem of multi-muscle coordination. ''Synergies'', however, have been defined differently by different authors. Several groups used matrix factorization techniques to identify groups of muscles with parallel scaling of the activation levels and addressed those as ''synergies'' (d'Avella et al., 2003; Ivanenko et al., 2006; Ting and Macpherson, 2005) ; for recent reviews see (Ting et al., 2010; Tresch and Jarc, 2009) .
A different approach to synergies has been developed based on the principle of motor abundance (Gelfand and Latash, 1998) . Within this approach synergies are associated with co-varied adjustments in elemental variables that stabilize (decrease variability) of a potentially important performance variable to which all the elemental variables contribute (reviewed in Latash et al., 2002 Latash et al., , 2007 . Note that in this context, the word ''stabilization'' implies not 
